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Phase I 3 (oxidation, dealkylation, reduction, hydrogenation, dehydrogenation)
2 otz 2852 EatgtEnt 37 32| HAMHE ME = O|E Cayman chemical (Ann
Arbor MI, USA), Toronto Research Chemicals (Toronto, ON, Canada), Sigma-Aldrich
(Saint Louis, MI, USA)OlA] FRSIRUCH (E 1). Dimethyl sulfoxide (DMSO, 99.7%
purity), carbamazepine (CBZ, positive mode Ol A{2| i & & ZFZ (Internal standard, ISTD)
=HE AE)dt 4-methylumbelliferone (4-MUF, negative mode O| A ISTD £ AFE)&=
Sigma-Aldrich 0| Al TSI, formic acid (98% purity)= Honeywell (Charlotte, NC,
USA)OIA A ASHRACE OtMELIER (Acetonitrile, ACN)It & (water)2 HPLC grade

2 ). T. Baker (Phillipsburg, NJ, USA)O| A T SHSCE,

2. LC-MS/MS &M

21. Y EME 2 S gt Lc-Ms/MSs EH| 9 EMxA

2 HFAE st HEFEM ZH|= LC (Agilent 1290 series UPLC system)-MS/MS (API
5500 QTRAP hybrid triple-linear ion trap mass spectrometry, Turbo V™ lon spray)E
ALESIRALE MS HREHOIEE 2Hetst7| fof ZetghtEat O tAME 2402 50%
ACNLE HUS M= = MSO| FUSHALL SEO| 2 MS Q| polarity & positive

X negative ZES ARESIACt 0TI MS LiEt0jEet ICE HZE = LC =

mjo

|
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# 1 MEE Z3eE 283)d UAM 3738) =5
Biotransformation Parent compound Metabolite

Bupropion Hydroxybupropion
Midazolam 1-Hydroxy midazolam

Testosterone 6B-Hydroxy testosterone
Paclitaxel 6a-Hydroxy paclitaxel
Buspirone 6-Hydroxy buspirone
Mianserin 8-Hydroxy mianserin
Imipramine 2-Hydroxy imipramine

Lansoprazole

5-Hydroxy lansoprazole

Lansoprazole sulfone N-Oxide

Tamoxifen

4-Hydroxy tamoxifen

Fenbendazole

Fenbendazole sulfoxide

Oxidation Ranitidine N-Oxide
Ranitidine Ranitidine N,S-Dioxide
Ranitidine S-Oxide
Coumarin 7-Hydroxy coumarin
Tolbutamide 4-Hydroxy tolbutamide
Chlorzoxazone 6-Hydroxy chlorzoxazone
4'-Hydroxy diclofenac
Diclofenac
3'-Hydroxy-4'-methoxy diclofenac
4-Hydroxy warfarin
Warfarin
6-Hydroxy warfarin
2-Hydroxy-butyl fimasartan
Fimasartan
BR-A-535
Phenacetin Acetaminophen
Amodiaquine N-Desethyl amodiaquine
Prazosin 2,4-Diamino-6,7-dimethoxyquinazoline
Metoclopramide O-Desmethyl metoclopramide
7-Ethoxyresorufin Resorufin
Dealkylation Berberrubine
Berberine
Demethyleneberberine
Clarithromycin N-Desmethylclarithromycin
Verapamil Norverapamil
Dextromethorphan Dextrorphan
Imatinib N-Desmethyl imatinib
Reduction Lansoprazole Lansoprazole sulfide
Hydrogenation Berberine Jatrorrhizine
Dehydrogenation Nifedipine Dehydronifedipine




column (2.1X50 mm id., 3 um, Waters, Milford, MA), Atlantis T3 column (2.1 x 100
mm i.d., 3 um, Waters, Milford, MA), XTerra MS C18 column (2.1X50 mm i.d., mm, 5
um, Waters, Milford, MA) 3 Hypersli Gold column (2.1X150 mm id., mm, 5 um,
Thermo Fisher)O|Ct. O|S &9 2 A2 E ACN It Water 0| Zt2Zt 0.1% formic acid &

H7t5k0] A8otRICt.

(@)

SEHAEN AEE 28 T ZetgtEar 37 B2 HANE 44 2T sk 1

=
2

oz
rE

mM 2 F& £ DMSO 2 8dlisto &g TIHA| -80°C 0Off Eat5HRALt.
Xo| oofE & Al H2|Ho[A ZHo|=2telof
2t £0|d  (Specificity), ®9l (Range), &MY (Linearity), ZAZESHA (Limit of
detection, LOD), M &35t (Limit of quantification, LOQ), ‘S &M (Precision) X =t

d(Accuracy) ZASERALEY ZotehEar CHAPHS] A2 @S HE5H7| fI5t0] O

ol

2+Zt
i

rfot

$H510] EEH (Standard(STD) solution) % Z& 22| (Quality control, QC)

i

AMN=2E H=ZSHULCE O] 28=2 #FEY %F 5T+ 0.244-1000 nM 2F 100 nM 2|
QC A|lEE 50% ACN 2= H=ZSIULCL WREEZ=EE2 positive mode OA &
carbamazepine & ARSI negative mode 2 4-methylumbelliferone 2 AHE5HY

Ct. 2otet=1F HAMM|S| STD 2F QC Al2= MRM 22 FHIZFEA5IRACE
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DotetEa U CHAMHIE ZotgtE ™EEMEZAT CHAMl (metabolite  authentic
compound) BHEEMZHLE 22 HHEAM F area ratioE TFLL Area ratioe
MultiQuant 3.0.3 (AB SCIEX, Framingham, MA, USA) 2Z EQ|0{E ALESIRULCE Area

ratio2 2 E Ot2l9| response factor (RF)ASZ HASIYCH (=4 1). RF 4

rio

Prism 5 (GraphPad, San Diego, CA, USA)O|A] Z|AtSSCE

Arearatio of Meatbolite (metabolite MS condition)

Response factor (RF) = 1)

Area ratio of Meatbolite (parent compound MS condition)

RF 2t0| 2AERE Hoid =222 Zetgt=1 MM E o2t s F= =

M
o

2|2f8tE|, REH

m
mjo
T

|5to] & Hatof & ESI BHE0| etdS =elstYd
Ctse 40 DoietEnt CHALNC| 16 7HX|Q S2[ststd EZ (pKa, logP, polar surface
area, molecular volume, &) Marvin (ChemAxon, Zhony, Budapest, Hungary)d}
Physchem (Mestrelab research, Santiago, Galicia, Spain) £2ZE|0{E 0|83d}0] H|I
2 2Ol QICE Chemdraw (Cambridge Soft, Cambridge, Mass, USA)S AFESiA f=

M XtO| = H|WSHFCE o MS Lf2t0|E (DP, EP, CE, CXP) H|WS}SICt
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MS parameters

MS parameters

Parent compound MRM Metabolite MRM

DP EP CE CXP DP EP CE CXP

Bupropion 240 > 184 70 10 17 13 Hydroxybupropion 256 > 238 121 10 19 12
Midazolam 326 > 291 118 10 39 15 1-Hydroxy midazolam 342 > 324 106 10 29 18
Testosterone 289 > 97 101 10 33 8 6B-Hydroxy testosterone 305 > 157 120 10 36 15
Paclitaxel 854 > 286 131 10 27 18 6a-Hydroxy Paclitaxel 870 > 286 131 10 23 16
buspirone 386 > 122 86 10 42 13 6-Hydroxy buspirone 402 > 122 80 10 42 13
Mianserin 265 > 208 181 10 29 14 8-Hydroxy mianserin 281 > 224 180 10 35 15
Imipramine 281 > 86 70 10 23 13 2-Hydroxy imipramine 297 > 86 80 10 23 13
5-Hydroxy lansoprazole 386 > 252 78 10 16 7

Lansoprazole 370 > 252 50 10 15 9 Lansoprazole sulfone N-Oxide 402 > 119 27 10 27 13
Lansoprazole sulfide 354 > 236 78 10 33 13

Tamoxifen 372 > 72 181 10 29 10 4-Hydroxy tamoxifen 388 > 72 201 10 47 8
Fenbendazole 300 > 268 170 10 29 13 Fenbendazole sulfoxide 316 > 191 200 10 30 13
Ranitidine N-Oxide 331 > 270 36 10 17 14

Ranitidine 315 > 176 28 10 23 13 Ranitidine S-Oxide 331 > 138 61 10 23 12
Ranitidine N,S-Dioxide 347 > 192 16 10 25 12

Coumarin 147 > 103 126 10 25 10 7-Hydroxy coumarin 163 > 91 100 10 25 10
Tolbutamide 269 > 170 -65 -10 -24 -13 4-Hydroxy tolbutamide 285 > 186 -65 -10- -26 -9
Chlorzoxazone 168 > 132 -120 -10 -28 -11 6-hydroxy chlorzoxazone 184 > 120 -70 -10 -26 -9




H 3. 238200 O CHARE| Q] MRM It MS It20lE (AZ)

MS parameters MS parameters
Parent compound MRM Metabolite MRM

DP EP CE CXP DP EP CE CXP
4'-Hydroxy diclofenac 310 > 266 -70 -10 -17 -15

Diclofenac 294 > 250 -40 -10 -15 -15
3'-Hydroxy-4'-methoxy diclofenac 340 > 260 -35 -10 -14 -15
4-Hydroxy warfarin 323 > 161 -20 -10 -30 -13

Warfarin 307 > 161 -60 -10 -28 -11
6-Hydroxy warfarin 323 > 177 -135 -10 -30 -11
2-Hydroxy butyl fimasartan 516 > 237 -50 -10 -37 -15

Fimasartan 500 > 221 -55 -10 -46 -13
BR-A-535 457 > 179 -67 -10 -26 -11
Phenacetin 180 > 110 116 10 26 13 Acetaminophen 152 > 110 40 10 23 13
Amodiaquine 356 > 177 76 10 71 12 N-Desethyl amodiaquine 328 > 219 136 10 67 16
prazosin 384 > 247 121 10 39 12 2,4-Diamino-6,7-dimethoxyquinazoline 221 > 205 161 10 37 16
Metoclopramide 300 > 227 26 10 31 20 O-Desmethyl metoclopramide 286 > 213 51 10 27 14
7-Ethoxyresorufin 242 > 214 121 10 31 10 Resorufin 214 > 186 166 10 37 12
Berberrubine 322 > 307 110 10 39 13
Berberine 336 > 320 120 10 39 13 Demethyleneberberine 342 > 308 100 10 38 13
Jatrorrhizine 338 > 322 110 10 38 13
Clarithromycin 748 > 158 31 10 35 12 N-Desmethyl clarithromycin 734 > 144 71 10 33 13
verapamil 455 > 165 89 10 37 13 Norverapamil 441 > 165 160 10 34 13
Dextromethorphan 272 > 171 161 10 57 12 Dextrorphan 258 > 157 180 10 44 13
imatinib 494 > 394 88 10 37 13 N-Desmethyl imatinib 480 > 394 88 10 36 13
Nifedipine 347 > 254 141 10 27 14 Dehydronifedipine 345 > 284 186 10 39 8
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Column Polarity Parent compound Metabolite
Bupropion Hydroxybupropion
Midazolam 1-Hydroxy midazolam
testosterone 6p-Hydroxy testosterone
Buspirone 6-hydroxy buspirone
Mianserin 8-Hydroxy mianserin
Imipramine 2-Hydroxy imipramine
Phenacetin Acetaminophen
Prazosin 2,4-Diamino-6,7-dimethoxyquinazoline
Metoclopramide O-Desmethyl metoclopramide
Berberrubine
Atlantis dC18 Positive , ,
Berberine Demethyleneberberine
2.1X50 mm, 3 um
Jatrorrhizine
Clarithromycin N-Desmethyl clarithromycin
Verapamil Norverapamil
Dextromethorphan Dextrorphan
Imatinib N-Desmethyl imatinib
Fenbendazole Fenbendazole sulfoxide
Nifedipine Dehydronifedipine
Coumarin 7-Hydroxy coumarin
Amodiaquine N-Desethyl amodiaquine
Negative Tolbutamide 4-Hydroxy tolbutamide
Atlantis T3 Positive 7-Ethoxyresorufin Resorufin
21 x 100 mm, 3 um Negative Chlorzoxazone 6-Hydroxy chlorzoxazone
Paclitaxel 6a-Hydroxy Paclitaxel
Tamoxifen 4-Hydroxy tamoxifen
Positive Lansoprazole 5-Hydroxy lansoprazole
Lansoprazole sulfone N-Oxide
Lansoprazole
Lansoprazole sulfide
XTerra MS C18 .
4'-Hydroxy diclofenac
2.1X50 mm, 5 um Diclofenac
3'-Hydroxy-4'-methoxy diclofenac
4-Hydroxy warfarin
Negative Warfarin
6-Hydroxy warfarin
2-Hydroxy butyl fimasartan
Fimasartan
BR-A-535
Ranitidine N-Oxide
Hypersil Gold C8 » L L .
Positive Ranitidine Ranitidine S-Oxide

2.1 x 150 mm, 5 um

Ranitidine N,S-Dioxide
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1. Atlantis dC18 (2.1X50 mm, 3 um)

HPLC system

Agilent 1290 series HPLC system equipped with on-line degasser, binary pump,

thermostatted well-plate autosampler and column compartment

Column \Waters, Atlantis dC18 2.1X50 mm, 3 um
Mobile Phase A : 0.1% Formic acid in water
B : 0.1% Formic acid in Acetonitrile
Time (min) % A % B
0.2 100 0
1.0 100 0
20 50 50
Gradient 4.0 50 50
45 5 95
6.0 5 95
6.5 100 0
9.0 100 0
Column temperature 30 °C
Flow rate 0.4 ml/min
Run time 9 min

2. Atlantis T3 (2.1 x 100 mm, 3 um)

Agilent 1290 series HPLC system equipped with on-line degasser, binary pump),
HPLC system
thermostatted well-plate autosampler and column compartment
Column \Waters, Atlantis T3 2.1 x 100 mm, 3 um
A : 0.1% Formic acid in water
Mobile Phase o o
B : 0.1% Formic acid in Acetonitrile
Time (min) % A % B
20 100 0
25 50 50
5.0 50 50
Gradient
55 5 95
7.0 5 95
71 100 0
110 100 0
Column temperature 30 °C
Flow rate 0.4 ml/min
Run time 11 min
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3. XTerra MS C18 ( 2.1X50 mm, 5um)

Agilent 1290 series HPLC system equipped with on-line degasser, binary pump,
HPLC system
thermostatted well-plate autosampler and column compartment

Column \Waters, XTerra MS C18 2.1X50 mm, 5um
Mobile Phase A : 0.1% Formic acid in water
B : 0.1% Formic acid in Acetonitrile

Time (min) % A % B

0.2 95 5

1.0 95 5

Gradient 20 5 95
4.0 5 95

45 95 5

7.0 95 5

Column temperature 30 °C

Flow rate 0.4 ml/min

Run time 7 min

4. Hypersil Gold C8 (2.1 x 150 mm, 5 um)

Agilent 1290 series HPLC system equipped with on-line degasser, binary pump,
HPLC system
thermostatted well-plate autosampler and column compartment

Column Thermo scientific, Hypersil Gold C8 2.1 x 150 mm, 5 um
A : 0.1% Formic acid in water
Mobile Phase
B : 0.1% Formic acid in Acetonitrile
Time (min) % A % B
15 99 1
5.0 50 50
Gradient
8.0 0 100
8.5 99 1
11.0 99 1

Column temperature  [30 °C

Flow rate 0.25 ml/min

Run time 11 min
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Fenbendazole
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# 6. ZolgtEa AN S| SE2ME 4T
PR E——— Reg.ress.ion i y y intercept . Concentration (nM) Accuracy Precision
(weighting) nominal measured* (%) (%CV)
Bupropion 0.244 - 1000 Linear (1/x) - 2.04E-01 1.19E-02 1.0000 100 100.2 £+ 04 100.2 04
Hydroxybupropion 0.977 - 1000 Linear (1/x) - 1.05E-01 2.01E-02 1.0000 100 988 + 0.6 98.8 0.6
Midazolam 0.244 - 1000 Linear (1/x) - 1.38E-01 -2.29E-03 0.9999 100 1026 + 1.5 102.6 15
1-Hydroxy midazolam 0.977 - 1000 Linear (1/x) - 9.24E-02 -2.88E-02 1.0000 100 1015 + 0.7 1015 0.7
Testosterone 3.9 - 1000 Linear (1/x) - 3.78E-02 -2.65E-03 1.0000 100 993 £ 19 993 20
6p-Hydroxy testosterone 62.5 - 1000 Linear (1/x) - 1.27E-03 -1.16E-02 1.0000 100 1005 + 21 100.5 21
Paclitaxel 3.9 - 1000 Quadratic (1/x) 8.07E-07 6.10E-03 -5.54E-04 0.9999 100 1028 + 1.6 1029 16
6a-Hydroxy paclitaxel 0.244 - 1000 Linear (1/x) - 2.60E-02 2.06E-04 1.0000 100 1011 £ 1.0 1011 1.0
Buspirone 0.244 - 1000 Quadratic (1/x) -4.76E-05 2.28E-01 142E-03 1.0000 100 1052 £ 2.2 105.1 21
6-Hydroxy buspirone 0.244 - 1000 Quadratic (1/x) -1.72E-04 6.45E-01 4.11E-03 1.0000 100 1064 + 1.3 1064 13
Mianserin 0.244 - 1000 Linear (1/x) - 7.83E-02 3.72E-03 1.0000 100 1013 + 14 1013 14
8-Hydroxy mianserin 0.244 - 1000 Quadratic (1/x) 8.04E-06 4.89E-02 -4.93E-03 0.9998 100 1014 + 0.1 1014 01
Imipramine 0.244 - 1000 Quadratic (1/x) -2.10E-05 4.07E-01 -9.38E-04 1.0000 100 1044 + 2.0 1044 18
2-Hydroxy imipramine 0.244 - 1000 Quadratic (1/x) -1.81E-05 221E-01 -1.51E-02 1.0000 100 1094 + 14 1094 13
Lansoprazole 0.244 - 1000 Linear (1/x) - 8.08E-02 4.23E-04 0.9997 100 1046 + 1.0 104.6 1.0
5-Hydroxy lansoprazole 0.977 - 1000 Linear (1/x) - 3.14E-02 -9.53E-03 0.9998 100 1052 + 23 105.2 22
Lansoprazole sulfone N-Oxide 0.977 - 1000 Linear (1/x) - 9.63E-02 -9.07E-03 1.0000 100 996 + 14 99.6 15
Lansoprazole sulfide 0.244 - 1000 Quadratic (1/x) -4.12E-05 2.28E-01 -2.83E-03 1.0000 100 944 + 73 944 7.8

*mean+SD
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£ 6 RS A HTEMY

45 (%

)

Compound Range ("M) Reg.ress.ion 2 . Sm— . Concentration (nM) Accuracy Precision
(weighting) nominal measured* (%) (%CV)
Tamoxifen 0.244 - 1000 Linear (1/x) - 2.04E-01 2.69E-02 1.0000 100 98.2 + 34 98.2 35
4-Hydroxy tamoxifen 0.244 - 1000 Linear (1/x) - 1.85E-01 8.85E-03 1.0000 100 1005 + 2.3 100.5 23
Fenbendazole 0.244-1000 Linear (1/x) - 2.29E-01 7.04E-03 1.0000 100 922 + 0.2 92.2 0.2
Fenbendazole sulfoxide 0.244 - 1000 Linear (1/x) - 4.22E-02 6.42E-04 1.0000 100 923 + 0.7 923 0.8
Ranitidine 0.244 - 1000 Linear (1/x) - 1.52E-01 4.72E-03 1.0000 100 97.0 + 2.1 97.0 2.2
Ranitidine N-Oxide 0.244 - 1000 Quadratic (1/x) -1.03E-05 9.22E-02 5.97E-04 1.0000 100 97.8 + 33 97.8 34
Ranitidine S-Oxide 0.244 - 1000 Quadratic (1/x) -8.65E-06 3.55E-02 1.09E-02 1.0000 100 999 + 24 99.9 24
Ranitidine N,S-Dioxide 0.977 - 1000 Quadratic (1/x) -2.89E-06 1.74E-02 8.63E-03 0.9999 100 1015 + 2.2 1015 2.2
Coumarin 62.5 - 1000 Linear (1/x) - 7.94E-03 1.55E-01 1.0000 100 1006 + 04 100.6 04
7-Hydroxy coumarin 62.5 - 1000 Linear (1/x) - 2.83E-03 143E-01 1.0000 100 1011 + 06 1011 0.6
Tolbutamide 0.244 - 1000 Linear (1/x) - 6.94E-03 9.68E-03 0.9998 100 1029 + 06 102.9 0.6
4-Hydroxy tolbutamide 0.244 - 1000 Linear (1/x) - 5.94E-02 4.81E-03 0.9999 100 1039 + 1.0 103.9 10
Chlorzoxazone 3.9 - 1000 Linear (1/x) - 2.09E-03 2.86E-02 1.0000 100 1013 + 21 1013 2.0
6-hydroxy chlorzoxazone 0.977 - 1000 Quadratic (1/x) 2.36E-06 3.94E-03 2.27E-03 0.9999 100 1022 + 09 102.2 09
Diclofenac 15.6 - 1000 Linear (1/x) - 2.92E-02 2.87E-01 1.0000 100 989 + 16 98.9 16
4'-Hydroxy diclofenac 3.9 - 1000 Quadratic (1/x) 1.84E-06 1.60E-02 2.80E-02 1.0000 100 1029 + 2.2 102.9 2.2
3'-Hydroxy-4'-methoxy diclofenac 62.5 - 1000 Quadratic (1/x) 9.04E-07 3.92E-03 -1.73E-01 1.0000 100 1026 + 44 102.6 44
Warfarin 0.244 - 1000 Quadratic (1/x) -1.04E-05 1.30E-01 2.03E-03 1.0000 100 1049 + 21 104.9 2.0
4-Hydroxy warfarin 0.977 - 1000 Quadratic (1/x) -6.30E-06 5.44E-03 7.05E-03 1.0000 100 1025 + 11 102.5 10
6-Hydroxy warfarin 0.977 - 1000 Quadratic (1/x) -3.79E-06 6.05E-03 -9.82E-03 1.0000 100 1009 + 2.0 100.9 2.0

*mean+SD

41



£ 6 RS A HTEMY

45 (%

)

Compound Range (nM) Reg.ress.ion x2 X y intercept r Concentration (n) Accuracy (%) Precision
(weighting) nominal measured* (%CV)
Fimasartan 0.244 - 1000 Linear (1/x) - 3.03E-02 5.56E-03 1.0000 100 983 + 2.7 98.3 27
2-Hydroxy butyl fimasartan 0.244 - 1000 Linear (1/x) - 7.73E-03 7.41E-04 1.0000 100 975 + 1.6 97.5 17
BR-A-535 0.977 - 1000 Linear (1/x) - 2.26E-02 -2.80E-03 1.0000 100 985 + 1.8 98.5 18
Phenacetin 0.977 - 1000 Linear (1/x) - 7.79E-02 3.72E-02 1.0000 100 1012 + 0.9 101.2 09
Acetaminophen 15.6 - 1000 Linear (1/x) - 1.42E-02 -5.88E-03 1.0000 100 1005 + 04 100.5 04
Amodiaquine 0.977 - 1000 Linear (1/x) - 1.57E-02 -3.50E-03 0.9999 100 1026 + 2.6 102.6 25
N-Desethyl amodiaquine 0.977 - 1000 Quadratic (1/x) -6.37E-06 2.79E-02 -1.11E-02 1.0000 100 989 + 4.2 98.9 42
Prazosin 0.244 - 1000 Quadratic (1/x) 8.52E-06 1.28E-01 3.34E-03 0.9999 100 1096 + 2.1 109.6 19
2/4-Diamino-6,7-dimethoxyquinazoline 0.244 - 1000 Quadratic (1/x) 1.73E-05 2.25E-01 1.51E-02 1.0000 100 1082 + 4.7 108.2 44
Metoclopramide 0.244 - 1000 Linear (1/x) - 4.77E-01 -5.18E-02 0.9999 100 983 + 1.0 98.3 1.0
O-Desmethyl metoclopramide 0.977 - 1000 Linear (1/x) - 1.85E-02 -8.27E-03 0.9999 100 982 + 1.8 98.2 18
7-Ethoxyresorufin 0.244 - 1000 Linear (1/x) - 4.77E-01 -5.18E-02 0.9999 100 996 + 2.2 99.6 22
Resorufin 0.977 - 1000 Linear (1/x) - 1.85E-02 -8.27E-03 0.9999 100 1014 + 19 1014 19
Berberine 0.244 - 250 Linear (1/x) - 6.36E-01 1.14E-02 1.0000 100 985 + 1.0 98.5 1.0
Berberrubine 3.9 - 250 Quadratic (1/x) 1.01E-03 3.78E-01 -1.54E+00 0.9998 100 97.0 = 2.2 97.0 22
Demethyleneberberine 62.5 - 250 Linear (1/x) - 1.37E-01 -7.93E+00 0.9999 100 974 + 21 974 2.2
Jatrorrhizine 0.244 - 250 Linear (1/x) - 6.77E-01 1.64E-02 1.0000 100 993 + 1.2 99.3 1.2
Clarithromycin 0.244 - 1000 Quadratic (1/x) -247E-04 5.22E-01 1.01E-02 1.0000 100 1036 + 1.8 103.6 17
N-Desmethyl clarithromycin 0.244 - 1000 Quadratic (1/x) -1.24E-04 2.25E-01 4.56E-03 1.0000 100 1041 + 14 104.1 13

*mean+SD
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45 (A%

Concentration (nM)

Compound Range (nM) Regression x2 X y intercept r Accuracy (%) Precision
(weighting) nominal measured* (%CV)
Verapamil 0.244 - 250 Linear (1/x) - 491E-01 1.76E-02 1.0000 100 1054 + 1.3 105.4 13
Norverapamil 0.244 -250 Linear (1/x) - 3.96E-01 1.71E-02 0.9999 100 1036 + 1.2 103.6 11
Dextromethorphan 0.244 - 1000 Quadratic (1/x) 4.8352E-06 1.70E-01 -8.58E-03 1.0000 100 1031 + 1.5 103.1 15
Dextrorphan 0.244 - 1000 Linear (1/x) - 1.65E-01 -1.18E-02 1.0000 100 1035 + 14 103.5 14
imatinib 0.244 - 1000 Quadratic (1/x)  -1.0172E-05 1.73E-01 -3.39E-03 1.0000 100 1041 + 23 104.1 22
N-Desmethyl imatinib 0.244 - 1000 Quadratic (1/x)  -2.2230E-06 5.54E-02 -1.95E-03 1.0000 100 1032 + 1.1 103.2 11
Nifedipine 0.977 - 1000 Quadratic (1/x) 6.923E-06 3.61E-02 -1.87E-02 1.0000 100 1047 + 2.2 104.7 21
Dehydronifedipine 3.9 - 1000 Quadratic (1/x) 2.808E-05 3.29E-01 3.77E-01 1.0000 100 964 + 3.9 96.4 41

*mean+SD
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3. Phase I reaction (Y4 CHAL 8t2)0) o8t CHAIN|CQ| semi-quantification HE

3.1 Response factor (RF)

CHALMIC] BEE FX Al Ol FESH| Qs HAINE ZatetE dHEM=AL
CHARM S RMEHCE 2AMSIYE [Iff ESI BHES H|WSHRACH 2H2te| EM R0
(2 0|23t WEE area ratio2 0| O] HE2 RFACE A LSIGULCE
H 38 &) RFZL0| 10| semi-quantificationO] & £3otk|= Z42 2|0|HCE CHA}
Mol RFgf2 33 30f H2lSZCE Semi-quantification 7t 753t QIS MEsHA
=AM HM2[H o] JHO|=2tRlel @KISHA (£15%)2t AZSEHAMELA N FE ALE
St XSHAIRl £30%2 7IZ2E ZQISHRACES 0 377 THAHl T 2670= +15%

QASHAO S01Rt, 307H2] CHAMNI= +30% A ? LHZ 2ESIRACE Phase It

0/0
|0

2 MEEl THAIYIC] 81%+E semi-quantificationO| 7Hs3IChe HAS 2 QISHRICEH
g, 3770 CHARN & 7702 CHARK (1-hydroxymidazolam, lansoprazole sulfone N-
oxide, ranitidine  N-oxide, = BR-A-535,  resorufin, lansoprazole sulfide,
dehydronifedipine)= QAMRHRE SHO{ WL QAR L|O| SO CHARAS| O|=3t
& XA 16HY (Resorufin)OA ZE|C{ 53Hi (Lansoprazole sulfide) AtO|2 2E L[

Ct.
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Oxidation
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R: Reduction, H: Hydrogenation, D: Dehydrogenation

8 3. CHARM RF 2| gk



ZIEE 31 RPN et @AHS|E HolLls 222 ZetetEa HAMC =

rir

g|otatd EYE2 Hlwstol £ Hato e 0|23t =& H|WSHRACH 16 7HX|
o Ez|ztsty £ (pKa, logP, polar surface area, molecular volume §)& H|135}0]
1 JQIE mOSULE O & pKa OlM F2l0jet ZutE 2HQISHRALE pKa 2F RF 241t
o atde 18 40| HOECH HX2Z pKaXxtO|Z7t 10[0|H £30%2| Xt
HRAE HOlLl= AS =QISHRICE O™ 22 ranitidine N, S-dioxide, 6-hydroxy
chlorzoxazone, N-desmethyl imatinib 2 pKa Xt0|7} 1 O| & XX T+ RF gt 10 747t
Lt Semi-quantification &4 Al ZatetE0t CHAMK|Q| pKa 2t2 2RIt O o

AHO|7t 1 0|¢ Edol=s 4% 2§ 2510 24

mjo

o & Aoz AtREICH

46



1003
@~ Lansoprazole sulfilde
1 0_. Lansoprazole sulfone N-Oxide
E Ranitidine N-Oxide
] » Dempronifedipine‘
1-Hydroxy midazolam—@ Resorufin
o 13 —e P+
BR-A-535 @
0.1-E
001 T T T T T T T T 1
6 5 4 3 2 41 0 1 2 3 4 5 6
A pKa
1003 ® logP
® JogD
104
E ® |ogS
w ] Henry's Law Constant
© 13
® Vapor Pressure
0.1-E
001 T T T T T T T T T 1
10 -8 -6 4 -2 0 2 4 6 8 10
Difference
10073
° ® Polar Surface Area
® Polarizability
10+
] ® Hydrogen bond donor (HBD)
& 13 ® Hydrogen bond acceptor (HBA)
e Hydroxyl Radical Attack
0.1-E
0.01 L} L} L} L} L} T T 1
-40 -30 -20 -10 0 10 20 30 40
Difference
8 4.RF i1t SElotety E4ate| o2tk mhetd (A EHel +30%)



1003
E ® Contact Surface Neutral
® Contact Surface Toatal
105 . . .
] ® Boiling Point
] »e ®
J D)
Melting point
I&- 1—: o 20 gp
] ®|e
0.1-5
0.01 T T T T T 1
-600 -400 -200 0 200 400 600
Difference
1005
° ® Molecular Volume
10+ °
[
° [ )
& 14 o '.Ti °
°
0.1
0.01 T T T T 1
-1500 -1000 -500 0 500 1000 1500
Difference

TE 4 RF T 22l S4Dto] ABBA. TEM (X B £30%) (%)

48



LRSS HolLts 222 Fx2E ZoiEY F= Wl o2z dgs F=
224 Bx (S Zotn AU o|of et HotetEant CHAMM Sl F=0 Z2 A

= —

YAd (C)7F ZEE HEROIM RFQL| TS BT DHBT CHAKIS X7

-

T W a FF0 TE RFUS 20| ASS HRASIACH (77). Zofet=at o

AMHel =z = W 25 CI0] EX5tAL S0k EXoX| H2 B9 RF

LS o

£
lo
=t

HY| (£30%) LHQ! BHH, midazolamd} 1-hydroxy midazolam?| &< (A& 5), &Z

7= W= T 2 ROT CIO| EXfStE EFZ RF 20| 2092 2% #HIE HO

49



H

7. RoletE b CHARMIC] =ZF 11X LY chloride (Cl) S50 2 RF gt

Presence of Cl in the fragment

Biotransformation Parent compound Metabolite RF
Parent compound Metabolite

Bupropion Hydroxybupropion 6] 6] 0.75
Midazolam 1-Hydroxy midazolam X 0] 2.09
Oxidation Chlorzoxazone 6-Hydroxy chlorzoxazone X X 1.00
4'-Hydroxy diclofenac 6] 6] 1.09

Diclofenac
3'-Hydroxy-4'-methoxy diclofenac 6] 6] 1.00
Amodiaquine N-Desethyl amodiaquine X X 1.03

Dealkylation

Metoclopramide O-Desmethyl metoclopramide 6] 6] 1.25
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3.3.2 Sulfur (S)
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Ct.

3.3.3 Nitrogen (N)
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3.4. MS Ijztolg

ZotetEar tAY el S2|ststy 8 28 59 0[0|= MS mt2tojHof o
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CE zto| Xtol7} 50[¢¢Ql B2, RF 20| +30% 2t HelS HoldS =QsHA
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A pKa > 1

Presence of chloride (Cl)
in the fragment structure
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Jhu

Mass parameters (Parent compound)

Mass parameters (metabolite)

Biotransformatio Metabolite RF
1 2 3 mean SD 1 2 3 mean SD
Hydroxybupropion 1338 1338 136 13.7 0.1 104 104 10.3 104 0.1 0.75
1-Hydroxy midazolam 43 45 44 44 0.1 9.1 93 9.2 9.2 0.1 2.09
6B-Hydroxy testosterone 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.0 1.00
6a-Hydroxy paclitaxel 26 25 2.7 26 0.1 26 26 27 26 0.0 1.01
6-hydroxy buspirone 65.9 67.7 68.3 67.3 13 65.9 66.7 67.5 66.7 0.8 0.99
8-Hydroxy mianserin 59 59 59 59 0.0 5.0 5.0 50 50 0.0 0.85
2-Hydroxy imipramine 249 25.0 241 247 0.5 243 240 247 243 0.3 0.99
Oxidation
5-Hydroxy lansoprazole 32 32 33 32 0.1 33 32 34 33 0.1 1.02
Lansoprazole sulfone N-Oxide 12 12 12 12 0.0 9.7 9.5 9.5 9.6 0.1 7.97
4-Hydroxy tamoxifen 183 194 193 19.0 0.6 18.1 189 18.8 18.6 04 0.98
Fenbendazole sulfoxide 48 49 49 49 0.1 39 39 39 39 0.0 0.80
Ranitidine N-Oxide 23 24 24 23 0.0 8.6 9.1 9.1 8.9 0.3 3.77
Ranitidine S-Oxide 1.7 17 1.8 17 0.1 17 1.8 18 1.7 0.0 1.00
Ranitidine N,S-Dioxide 34 35 35 35 0.1 34 34 3.6 35 0.1 1.02
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5 1. tHAMA RFQ| & (AHIH)

Mass parameters (Parent compound)

Mass parameters (metabolite)

Biotransformatio Metabolite RF
1 2 3 mean sD 1 2 3 mean sD
7-Hydroxy coumarin 04 04 04 04 0.0 04 04 04 04 0.0 1.00
4-Hydroxy tolbutamide 6.2 6.1 6.3 6.2 0.1 6.2 6.1 6.2 6.2 0.1 0.99
6-hydroxy chlorzoxazone 04 04 04 04 0.0 04 04 04 04 0.0 1.00
4'-Hydroxy diclofenac 15 15 15 15 0.0 16 16 17 17 0.1 1.09
Oxidation 3'-hydroxy-4'-methoxy diclofenac 0.3 0.3 0.3 0.3 0.0 0.3 0.3 0.3 0.3 0.0 1.00
4-Hydroxy warfarin 6.2 6.3 6.1 6.2 0.1 55 5.6 55 55 0.1 0.89
6-hydroxy warfarin 5.9 6.1 5.9 6.0 0.1 6.0 6.2 6.0 6.1 0.1 1.02
2- hydroxy butyl FMS 0.7 0.7 0.7 0.7 0.0 0.7 0.8 0.8 0.8 0.0 1.10
BR-A-535 51 53 51 52 0.1 22 22 22 22 0.0 0.43
Acetaminophen 12 12 12 12 0.0 14 14 14 13 0.0 1.17
N-desethyl amodiaquine 26 27 27 27 0.1 26 28 28 27 0.1 1.03
Dealkylation 2,4-Diamino-6,7-dimethoxyquinazoline 245 254 251 25.0 0.5 234 25.5 249 246 11 0.98
0O-desmethyl metoclopramide 77.0 78.6 79.7 784 14 92.9 92.8 95.7 93.8 16 1.20
Resorufin 12 12 12 12 0.0 19 19 18 19 0.0 1.56
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5 1. tHAMA RFQ| & (AHIH)

Mass parameters (Parent compound)

Mass parameters (metabolite)

Biotransformatio Metabolite RF
1 2 3 mean SD 1 2 3 mean SD
Berberrubine 45.6 447 435 44.6 11 457 448 433 44.6 12 1.00
Demethyleneberberine 5.8 5.8 52 5.6 04 54 5.6 51 54 0.3 0.96
N-Desmethy! clarithromycin 19.7 199 20.0 199 0.2 219 22.0 224 221 0.3 111
Dealkylation

Norverapamil 40.5 399 40.5 40.3 0.3 40.8 40.8 416 411 0.5 1.02
Dextrorphan 229 236 23.0 232 04 16.8 17.1 173 171 0.2 0.74
N-Desmethy! imatinib 56 5.8 59 5.8 0.1 56 57 5.8 57 0.1 0.99
Reduction Lansoprazole sulfide 04 04 04 04 0.0 22.7 21.2 195 211 16 52.83
Hydrogenation Jatrorrhizine 68.5 68.4 68.5 68.5 0.1 67.1 68.1 66.6 67.3 0.8 0.98
Dehydrogenation Dehydronifedipine 8.2 81 8.7 83 0.3 30.8 29.9 324 31.0 12 3.72
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5 2. 23jet=Ea O tjAe] S8ty £

Polar Surface Polar Surface
Parent compound pKa logP logD Area ARG Metabolite pKa logP logD Area AL
(A2) *3 (A2) *3
Bupropion 822 3.27 1.87 29.10 25.66 Hydroxy bupropion 7.65 222 1.22 49.30 27.28
Midazolam 6.19 3.97 373 30.18 33.93 1-Hydroxy midazolam 463 3.16 2.90 5041 34.64
Testosterone -0.88 3.37 3.54 37.30 33.26 6B-Hydroxy testosterone -0.88 213 2.32 57.53 33.88
Paclitaxel -1.18 3.54 3.30 221.29 86.54 6a-Hydroxy paclitaxel -1.18 2.85 257 241.52 87.20
buspirone 7.62 178 118 69.64 41.62 6-hydroxy buspirone 7.62 1.06 045 89.87 42.26
Mianserin 6.92 3.83 343 3.87 32.16 8-Hydroxy mianserin 6.79 3.53 361 26.71 32.72
Imipramine 9.20 4.28 221 6.48 34.67 2-Hydroxy imipramine 9.18 3.80 192 26.71 35.23
5-Hydroxy lansoprazole 416 2.70 2.62 88.10 34.82
Lansoprazole 416 3.03 291 67.87 3415 Lansoprazole sulfone N-Oxide 110 193 -0.35 98.99 3532
Lansoprazole sulfide 6.09 416 427 50.80 33.54
Tamoxifen 8.76 6.35 536 1247 46.49 4-Hydroxy tamoxifen 8.66 5.69 5.07 32.70 47.04
Fenbendazole 4.20 3.99 461 67.01 32.85 Fenbendazole sulfoxide 4.00 2.62 2.62 84.08 33.58
Ranitidine N-Oxide 3.76 -0.13 0.28 103.40 3252
Ranitidine 7.8 0.99 0.34 83.58 3232 Ranitidine S-Oxide 7.69 -0.82 -1.36 100.65 3292
Ranitidine N, S-Dioxide 3.76 -1.94 -1.50 12047 3313
Coumarin -6.9 178 152 26.30 15.70 7-Hydroxy coumarin -6.9 148 1.10 46.53 16.31
Tolbutamide 433 2.30 119 75.27 2781 4-Hydroxy tolbutamide 433 101 -0.11 95.50 28.54
Chlorzoxazone 9.39 194 1.60 38.33 15.26 6-hydroxy chlorzoxazone 6.13 163 0.04 58.56 15.96

69




5 2. 23je=Ea O tjAe] S8ty £ (Al

Polar Surface Polar Surface
Polarizability Polarizability
Parent compound pKa logP logD Area Metabolite pKa logP logD Area
(A3) (A3)
(A2) (A2)

4'-Hydroxy diclofenac 3.76 3.96 0.30 69.56 29.69

Diclofenac 4,00 4.26 0.74 49.33 29.03
3'-hydroxy-4'-methoxy diclofenac 3.62 3.80 -0.06 78.79 32.26
4-Hydroxy warfarin 539 244 0.44 83.83 3395

Warfarin 5.56 274 0.78 63.6 3334
6-hydroxy warfarin 531 244 042 83.83 3395
2- hydroxy butyl FMS 5.85 3.62 275 110.60 58.55

Fimasartan 5.85 477 3.96 90.37 57.96
BR-A-535 415 3.80 0.63 12443 50.18
Phenacetin -4.20 141 146 3833 19.56 Acetaminophen -4.36 091 1.08 49.33 15.82
Amodiaquine 10.23 3.8 1.95 48.39 40.89 N-desethyl amodiaquine 10.35 2.99 1.03 57.18 37.20
Prazosin 7.24 1.65 123 106.95 39.32 2/4-Diamino-6,7-dimethoxyquinazoline 7.65 0.73 0.19 96.28 2335
Metoclopramide 9.04 140 -0.56 67.59 31.28 O-desmethyl metoclopramide 9.07 0.67 -0.02 78.59 29.38
7-Ethoxyresorufin 143 228 164 47.89 25.25 Resorufin 6.6 177 0.19 58.89 2151
Berberrubine -491 -143 -2.36 51.80 36.53
Berberine -4.63 -1.28 -1.27 40.8 3845 Demethyleneberberine -4.63 -1.51 -1.54 62.80 37.20
Jatrorrhizine -4.44 -137 -1.49 51.80 38.00
Clarithromycin 9.00 3.24 0.19 18291 77.66 N-Desmethyl clarithromycin 9.63 2.86 -0.78 191.70 75.83
Verapamil 9.68 5.04 229 63.95 51.54 Norverapamil 10.29 4.66 138 72.74 49.70
Dextromethorphan 9.85 349 0.92 12.47 3231 Dextrorphan 9.66 2.90 0.88 2347 3039
Imatinib 7.84 438 3.25 86.28 57.10 N-Desmethyl imatinib 9.23 3.99 1.64 95.07 55.26
Nifedipine 533 182 164 107.77 33.98 Dehydronifedipine 3.67 261 3.01 108.63 34.67
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Motecular Contact Surface Contact Surface Contact Surface Contact Surface Motecular Contact Surface Contact Surface Contact Surface Contact Surface
Parent compound Volume(an3) Polar HBDZ) Polar HBAZ) Neutral ) Total ) Metabolite Volume(ain3) Polar HBDZ) Polar HBAZ) Neutral ) Total Y

Bupropion 2010.63 411 16.58 24347 262.13 Hydroxybupropion 2078.34 11.00 23.95 234.64 266.24
Midazolam 251047 -0.32 17.83 308.13 32949 1-Hydroxy midazolam 2590.17 7.14 24.49 305.52 339.94
Testosterone 252142 7.75 2551 270.01 302.54 6B-Hydroxy testosterone 2582.96 13.55 32.02 263.51 308.65
Paclitaxel 6460.07 27.69 7748 570.76 661.98 6a-Hydroxy paclitaxel 6505.96 34.83 83.08 560.59 664.81
Buspirone 3354.82 247 37.53 379.65 419.60 6-hydroxy buspirone 3384.85 8.78 41.58 367.93 416.81
Mianserin 2300.15 0.72 8.24 283.99 290.75 8-Hydroxy mianserin 2366.97 8.83 1340 282.02 302.39
Imipramine 2530.92 -442 8.55 319.66 321.95 2-Hydroxy imipramine 2597.74 3.69 13.71 317.69 333.59
5-Hydroxy lansoprazole 2583.23 22.54 32.22 295.16 344.96
Lansoprazole 2516411 14424 27.061 297.128 333321 Lansoprazole sulfone N-Oxide 2808.12 16.52 3211 299.25 348.21
Lansoprazole sulfide 244727 12.79 14.67 299.71 32461
Tamoxifen 3188.28 -2.12 7.75 396.58 402.64 4-Hydroxy tamoxifen 3255.10 5.99 1291 39461 414.28
Fenbendazole 2301.05 2043 24.40 270.83 313.67 Fenbendazole sulfoxide 2398.71 21.60 41.06 256.14 324.10
Ranitidine N-Oxide 2336.09 5.77 24.03 24475 274.35
Ranitidine 2483.496 12.345 31323 285.558 325472 Ranitidine S-Oxide 247873 12.98 38.51 267.62 314.13
Ranitidine N,S-Dioxide 233133 641 31.21 226.81 263.00
Coumarin 1206.84 4.07 15.63 171.46 190.22 7-Hydroxy coumarin 1273.65 1219 20.79 169.49 201.86
Tolbutamide 2090.92 17.48 36.42 24813 298.51 4-Hydroxy tolbutamide 2177.99 24.83 4461 246.95 31314
Chlorzoxazone 1251.86 12.03 14.77 179.35 204.90 6-hydroxy chlorzoxazone 1326.54 20.74 18.61 175.03 21234
4'-Hydroxy diclofenac 2285.38 26.90 19.68 267.08 312.22

Diclofenac 2218.564 18.785 14.52 269.045 300.583
3'-hydroxy-4'-methoxy diclofenac 2498.57 2747 22.54 282.72 33094
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Parent compound

Molecular

Volume(a.u3)

Contact Surface
Polar HBD

Contact Surface
Polar HBA

Contact Surface
Neutral

Contact Surface
Total

2)

2)

2)

2)

Metabolite

Molecular

Volume(a.u3)

Contact Surface

Polar HBD

Contact Surface
Polar HBA

Contact Surface
Neutral

Contact Surface
Total

2)

2)

2)

2)

4-Hydroxy Warfarin 251281 18.93 30.93 285.60 332.08

Warfarin 2445993 10.817 25.774 287.569 320438
6-hydroxy Warfarin 251281 18.93 30.93 285.60 332.08
2-OH butyl FMS 4142.86 17.81 45.94 410.58 478.05

Fimasartan 4065.181 12.045 39.325 417918 47215
BR-A-535 3677.61 21.03 45.95 376.77 442.05
Phenacetin 1452.95 11.56 22.96 19593 23211 Acetaminophen 1209.77 19.16 22.85 15543 198.86
Amodiaquine 2751.03 13.50 16.20 33246 361.65 N-desethylamodiaquine 2559.61 16.47 18.79 309.78 345.02
Prazosin 2956.42 14.03 33.03 349.07 394.17 2/4-Diamino-6,7-dimethoxyquinazoline 1670.94 25.99 27.68 196.89 25335
Metoclopramide 228149 15.46 26.84 287.99 329.59 O-desmethyl Metoclopramide 213897 23.30 26.79 261.93 311.98
7-Ethoxyresorufin 1862.09 3.55 26.25 254.76 281.58 Resorufin 161891 11.15 26.13 214.27 248.33
Berberrubine 250047 13.72 20.48 287.74 32345
Berberine 2643.001 5.879 20.531 313.793 341.065 Demethyleneberberine 2553.42 18.90 2552 289.71 33511
Jatrorrhizine 2695.95 11.07 25.57 315.76 352.73
Clarithromycin 5834.97 18.37 73.74 520.72 602.73 N-DesmethylClarithromycin 5720.63 21.08 76.17 507.33 59543
verapamil 3887.46 -0.37 3131 469.67 499.87 Norverapamil 3773.12 2.35 33.74 456.28 49257
Dextromethorphan 2302.50 1.24 12.95 281.99 298.20 Dextrorphan 2159.97 9.08 12.90 255.94 280.58
Imatinib 4071.04 18.09 38.03 455.67 510.35 N-Desmethy! Imatinib 3956.71 20.80 40.46 442.27 503.05
Nifedipine 272547 11.22 3443 297.11 339.89 Dehydronifedipine 2591.76 4.62 3341 292.20 32938
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ey Law Tydrom Radaal ey Law Tydrom Radaal
Parent compound togs N G = P R [ e Metabolite togs G (== = e e
m~3/mol weq m~3/mol se9

Bupropion -2.83 495.39 -7.63 -10.79 342.83 -3.26 Hydroxybupropion -246 552.05 -11.72 -10.37 37134 -5.63
Midazolam -5.08 658.76 -9.70 -10.37 436.80 -8.21 1-Hydroxy midazolam -4.67 687.03 -12.23 -10.16 457.69 -9.29
Testosterone -4.24 618.56 -9.09 -9.60 413.15 -5.51 6B-Hydroxy testosterone -3.39 630.69 -12.39 -9.45 437.74 -6.58
Paclitaxel -7.63 949.55 -30.62 -6.18 698.48 -27.48 6a-Hydroxy paclitaxel -7.60 991.47 -3441 -5.86 732.08 -29.46
Buspirone -3.19 557.66 -14.60 -9.49 395.46 -10.94 6-hydroxy buspirone -2.85 560.52 -17.42 -9.09 428.18 -11.81
Mianserin -2.96 438.86 -4.57 -9.71 324.08 -5.38 8-Hydroxy mianserin -2.67 488.51 -8.37 -9.11 379.02 -7.12
Imipramine -3.28 508.74 -7.32 -8.54 303.88 -3.85 2-Hydroxy imipramine -2.99 558.40 -11.15 -7.95 352.82 -5.58
5-Hydroxy lansoprazole -2.96 626.60 -13.90 -10.45 459.00 -9.01
Lansoprazole -3.246 576.939 -10.077 -11.044 404.062 -7.273 Lansoprazole sulfone N-Oxide -4.53 634.12 -9.38 -11.52 478.90 -8.17
Lansoprazole sulfide -4.18 565.91 -9.92 -11.26 442.37 -746
Tamoxifen -6.64 722.09 -8.01 -8.21 381.84 -9.54 4-Hydroxy tamoxifen -6.35 771.75 -11.83 -7.61 436.78 -11.28
Fenbendazole -5.13 699.68 -11.16 -10.70 469.68 -15.23 Fenbendazole sulfoxide -3.83 636.65 -10.51 -10.58 52551 -9.86
Ranitidine N-Oxide -291 609.71 -9.09 -8.84 471.25 -6.50
Ranitidine -2.872 544.902 -10.839 -7.658 355.298 -8.203 Ranitidine S-Oxide -1.33 561.77 -14.14 -7.07 419.49 -9.29
Ranitidine N, S-Dioxide -1.37 626.58 -12.40 -8.25 535.44 -7.58
Coumarin -2.81 505.67 -5.02 -10.63 331.37 -1.58 7-Hydroxy coumarin -2.52 555.33 -8.85 -10.03 386.31 -3.32
Tolbutamide -3.39 557.05 -8.49 -10.16 37948 -6.56 4-Hydroxy tolbutamide 247 575.46 -12.22 -10.04 41549 -8.25
Chlorzoxazone -3.11 477.08 -4.61 -11.23 377.39 -3.04 6-hydroxy chlorzoxazone -2.70 522.55 -8.31 -10.68 430.50 -4.71
4'-Hydroxy diclofenac -3.56 708.39 -14.14 -9.75 467.33 -9.94

Diclofenac -3.852 658.73 -10.32 -10.351 412.385 -8.207
3*-hydroxy-4-methoxy diclofenac -3.60 72461 -13.90 -9.47 477.77 -11.15
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Henry's Law. Hydroxyl Radical Henry's Law. Hydroxyl Radical
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4-Hydroxy warfarin -3.51 714.66 -13.94 -9.85 482.88 -10.02
Warfarin -3.798 665 -10.12 -10.451 427.942 -8.287
6-hydroxy warfarin -3.51 714.66 -13.94 -9.85 482.88 -10.22
2- hydroxy butyl FMS -4.92 83249 -18.50 -8.49 528.62 -16.57
Fimasartan -5.76 802.555 -15.064 -8.686 498.559 -15.173
BR-A-535 -5.02 824.14 -14.51 -9.30 5219 -15.10
Phenacetin -1.78 580.36 -8.51 -10.36 379.89 -4.37 Acetaminophen -1.20 603.00 -11.11 -10.19 419.14 -4.78
Amodiaquine -3.53 682.27 -15.27 -8.03 489.42 -11.88 N-desethyl amodiaquine 3.27 790.80 -16.10 -7.72 506.88 -12.05
. 2,4-Diamino-6,7-

Prazosin -4.85 635.46 -13.57 -8.99 471.36 -12.98 dimethoxyquinazoline -2.99 633.18 -9.52 -10.39 515.85 -9.65
Metoclopramide -2.26 601.67 -11.65 -8.62 41215 -8.45 O-desmethyl metoclopramide -1.89 623.31 -14.36 -8.33 44993 -9.23
7-Ethoxyresorufin -4.13 62447 -10.92 -9.62 43551 -6.85 Resorufin -3.55 647.11 -13.51 -9.44 47476 -7.26

Berberrubine -4.58 674.92 -8.63 -8.70 509.64 -9.35

Berberine -4.947 653.283 -5.923 -9.00 471.862 -8.566 Demethyleneberberine -4.13 712.83 -1143 -8.52 524.16 -10.78

Jatrorrhizine -4.50 691.19 -8.72 -8.81 486.39 -9.90
Clarithromycin -2.07 752.39 -30.72 -4.95 451.81 -19.04 N-Desmethyl clarithromycin -1.94 793.98 -31.73 -4.60 466.55 -19.34

verapamil -5.24 663.28 -7.65 8.69 37491 -9.40 Norverapamil -5.11 704.87 -8.66 -8.34 389.65 -9.70
Dextromethorphan -3.27 531.55 -7.10 -9.90 369.43 -3.86 Dextrorphan -2.90 553.19 -9.81 -9.60 407.21 -4.64

Imatinib -4.27 800.29 -20.79 -6.62 594.43 -20.11 N-Desmethyl imatinib -4.14 841.88 -21.80 -6.26 609.17 -20.40

Nifedipine -2.27 672.06 -11.76 -12.54 456.31 -9.98 Dehydronifedipine -344 744.60 -12.55 -10.79 389.55 -8.40
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Abstract

Metabolism studies in early drug discovery focus on finding structurally vulnerable
chemical spots of the drug to improve its pharmacokinetic properties. In the later
stages, it is performed to find animal species suitable for toxicity tests that can
increase the prediction in humans by comparing species differences. As the
Metabolites in Safety Testing (MIST) guidelines were published, quantitative as well
as qualitative analysis of these metabolites are being emphasized. However, due to
the difficulty of metabolite synthesis, it is difficult to obtain a metabolite standard, so
there is a limit to quantification. In this study, using liquid chromatography tandem
mass spectrometry (LC-MS/MS), the semi-quantification method of metabolites with
relatively small structural changes generated through the phase I reaction was verified.
For this purpose, it was selected 28 parent compounds and their 39 corresponding
metabolites produced by phase I reaction. Total 65 compounds were quantitatively
analyzed by LC-MS/MS using multiple reaction monitoring (MRM) mode and four
different chromatographic columns. In addition, these methods were verified
according to the Korea Food & Drug Administration (KFDA) validation guideline. The
degree of ionization of each the parent compound and metabolite was calculated as
an area ratio value. Metabolites were analyzed using MS parameters of the parent
compound and metabolite respectively. Response Factor (RF) values were calculated

using area ratio according to each condition. As a result, RF values of 30 metabolites
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(about 81% of 37 metabolites) were within +30% error range, except for seven
substances (1-hydroxy midazolam, lansoprazole sulfone N-oxide, ranitidine N-oxide,
BR-A-535, resorufin, lansoprazole sulfide and dehydronifedipine). For substances
outside the error range, physicochemical and structural characteristics and MS
parameters of the parent compound and its metabolites were compared to determine
the cause of the change in the degree of ionization according to the structural change.
In conclusion, it was confirmed that ionization conditions of the parent compound
and the metabolite were greatly changed when the difference in pKa values between
the parent compound and the metabolite was greater than 1, chloride (Cl) was
included in the fragment ion structure, or a structural specificity such as N-/S-oxide
was present. It was observed that the difference in collision energy (CE) values among
the optimized MS parameters of the parent compound and its metabolites was
greater than 5 in the presence of these physicochemical and structural characteristics.
Taken together, the above results suggest that in order to overcome the semi-
quantification limit of metabolites, it is particularly important to identify the
physicochemical and structural characteristics of metabolites and to adjust CE values

according to structural features.
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